Metal / dielectric nanostructures, such as metal nanoparticles of different shape (spheres, rods, stars) capped with organic adsorbates, have a strong potential for the development of new materials for nanotechnology. Among these structures, those including monolayer protected clusters of noble metal nanoparticles modified with organic fluorophores are of great interest for the fabrication of new fluorescent bio-and chemical sensors, and for optical devices as well. The nature of the interactions between metals and organic fluorophores is still not totally understood. These interactions, which depend on various factors, including the geometry of the systems, the physicochemical properties of the interacting materials and their environment, often result in an enhancement or a quenching of the emission. The performed investigations comprise design, preparation, characterization and photophysical study of monolayer protected clusters of noble metal nanoparticles modified with newly synthesized organic fluorophore. Keywords: organic fluorophores, noble metal nanoparticles, surface plasmon absorption, photophysical characteristics
INTRODUCTION
Tailoring the optoelectronic properties of noble metal nanoparticles by organizing chromophores of specific properties and functions on their surface can lead to the preparation of photoresponsive organic-inorganic nanohybrid materials with possible application in new devices for sensing, switching and drug delivery [1] . Close vicinity of the noble metal nanoparticle influences the excited state's deactivation pathways of the organic fluorophores capped on their surface. In many of the examples studied to date, the energy transfer process is considered to be the major deactivation pathway for excited fluorophores covalently bound on noble metal surfaces [2] . The energy transfer depends strongly on the nanoparticle's size and shape, on the distance between the dye molecule and the nanoparticle, as well as on the overlap of the fluorophore's emission and the noble metal nanoparticle's surface plasmon absorption [3] [4] [5] . The synthesis of the highly fluorescent NAFTA 8 (Scheme 1) with desired properties to be applied for modification of gold nanoparticles (AuNPs) follows a well known from the literature two step procedure [6] . The longest wavelength absorption maximum of the studied compound in solution is between 360 and 370 nm depending on the solvent polarity; the fluorescent maximum is in the blue region of the spectrum at 430 -440 nm. The position of the fluorescent maximum of NAFTA 8 makes it appropriate for fluorescence labelling of AuNPs as its emission band does not overlap the surface plasmon absorption of Au nanoparticles around 520 nm. Such spectral superposition could lead to sharp decrease of the fluorescent intensity of organic fluorophores capped on metal nanoparticles due to reabsorption of the emitted light [3] . The corresponding relative fluorescent quantum yield is extremely high -up to 0.95 in chloroform and dichloromethane. The measured natural life time of the first singlet electronic excited state is 6.6 nanoseconds.
RESULTS AND DISCUSSIONS
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modified with the newly synthesized organic fluorophore The MPCs of AuNPs modified with NAFTA 8 and hexadecanethiol are synthesized based on the standard procedure [7] through a reduction of the gold salt by sodium borohydride in the presence of the corresponding thiol [8] [9] [10] . The chosen thiol : HAuCl 4 ratio is 1:2.
Characterization of the prepared fluorophore modified monolayer protected clusters
The prepared MPCs were characterized by TEM, XPS, FTIR spectroscopy, elemental analysis, UV-Vis absorption and fluorescence spectroscopy. Transmission electron microscopy: The bright field micrographs of MPCs were obtained using TEM JEOL 2100 at accelerating voltage 200 kV.
The diameter of the hexadecanethiol modified AuNPs determined by the TEM images is 2.0 ± 0.6 nm, while this of fluorophore modified ones is 1.5 ± 0.5 nm. The difference in the diameters of MPCs is a strong evidence that the mean size of the nanoparticles prepared by chemical reduction depends not only on the ratio thiol : HAuCl 4 , but on the structure of the ligands as well. The quantitative characterization of the obtained fluorophore modified AuNPs is performed based on the measured diameter of AuNPs and the formalism of Leff [11] . The model assumes that the colloidal solution is ideal (i.e. the nanocrystals do not interact) and the gold nanocrystals are spherical drops, which contain n gold atoms, stabilized by n thiol molecules. According to this formalism for NAFTA 8 modified AuNPs with diameter 1.5 nm the obtained total number of Au atoms in one AuNP is 104, the number of gold atoms at the interface of the nanocrystal and thus adjacent to the thiol molecules is 71 and the number of the ligands covalently bonded to one AuNP is 33. XPS spectroscopy: The XPS measurements were performed with ESCALAB-MkII (VG Scientific) using unmonochromatized AlK radiation.
The XPS spectra are shown in Figures 1 and 2 . The spectra showed signals from C, N, S and Au elements and indicate the presence of both the AuNP (Fig. 1 ) and the alkanethiol (Fig. 2) in the composite material. The spectrum of the Au 4f band serves two gold bands, 4f 7/2 and 4f 5/2 , which are identified at 84.2 and 87.8 eV, respectively. The positions and the difference between the two peaks (3.6 eV) observed here are very close to the values reported in the literature for the zero valence gold [12, 13] . The width of the corresponding peak is larger than the observed for the 2D polycrystalline Au 0 . This broadening is inferred by the presence of another doublet peak at 84.7 and 88.3 eV which is characteristic for first valence Au [14] . The area ratio of these two double bands indicates that approximately ½ of the Au atoms at the nanoparticle surface are bonded [15] . The latter is in good agreement with the results obtained based on the Leff's model (71 Au atoms on the surface of the AuNP and 33 thiol ligands bonded). The S2p spectrum gave a weak signal due to the small atomic percent of sulphur. The signal consists of a doublet, S2p 3/2 and S2p 1/2 , at 162.6 and 163.8 eV, respectively (Fig. 2) . This result is very consistent with the spectra of the alkanethiol SAMs on polycrystalline gold and confirms the presence of a chemical bond between the AuNPs and the thiol molecules [13] . We did not observe any signal in the S2p region of nonbonded sulphur (thiol molecules), which are between 163.5-164 eV for S2p 3/2 [16] .
FT-IR spectroscopy:
FT-IR spectra of clusters were obtained pressed into a KBr disk. The spectra were recorded on Bruker IFS 113v, in cm -1 at 64 scans. The IR spectra of the unbound NAFTA 8 (bottom) and its cluster (top) are depicted on Fig. 3 . The SH stretching vibration band of the free ligand is found at 2555 cm 1 (Fig. 3B) . In the MPC's spectrum the relative absorbance peak disappeared (Fig. 3A) . This result indicates the disruption of the SH bond and the formation of an Au-S one and confirms the chemisorption of NAFTA 8 on the gold nanoparticles surface. The band corresponding to the antisymmetric methylene stretching as (CH 2 ) in the MPC, is located at 2922 cm -1 . This frequency is lower but very close to the relative absorption in the IR bulk spectrum of the free thiol (2925 cm -1 ) and implies that the alkyl chains in both phases exist in similar conformations. The observed frequencies for the CH 2 stretching modes are higher in comparison to the established values characteristic for trans zig-zag crystalline conformation (2916-2919 cm -1 ) [16] . They could be attributed to the existence of large number of gauche conformations, which is typical for a short carbon chain. UV-Vis absorption and Fluorescence spectroscopy: The UV-Vis absorption and fluorescence spectra of both NAFTA 8 and the MPCs of AuNPs are measured on Spectrophotometer Lambda 25 (Perkin Elmer) and Spectrofluorimeter LS55 (Perkin Elmer), respectively. The longest wavelength absorption band of the fluorophore modified MPC is at around 370 nm. As it can be seen from Fig. 4 it is also accompanied by an intense signal in the region 300 -400 nm due to scattered light from the Au core [3] . Additionally a broadened surface plasmon absorption band, attributed to the AuNPs with a maximum near 520 nm is observed (Fig. 4) . The fluorescent intensity of the MPCs of colloidal Au modified with NAFTA 8 is approximately 2-fold lower than this of the corresponding free fluorophore (Fig. 5) .
The measured natural lifetime is shorter (4.7 ns) than this of the free NAFTA 8, which is most probably due to the intense energy transfer in excited state between the metal nanoparticle and the fluorophores [2] .
CONCLUSIONS
New fluorophore bearing long methylene chain and SH terminal group especially designed for fluorescent labelling of AuNPs is synthesized. MPCs of AuNPs modified with the newly synthesized fluorophore are prepared through chemical reduction and are characterized by TEM, XPS, FTIR, UV-Vis absorption and fluorescence spectroscopy. It is shown that the size of the nanoparticles depend not only on the preparation's conditions but on the structure of the ligand as well. The experimental results indicate that the fluorophore is chemically bonded to AuNPs thus leading to the formation of highly fluorescent 3D structure with possible application for bio-and chemical sensing.
